In an interview with Neuron, Silvia Arber discusses the scientific questions that motivate her work, and the early influences that shaped her research. She provides advice to trainees and shares her views about the responsibility of scientists to communicate with the general public and the need for creative basic science.
Silvia Arber is a Professor of Neurobiology at the Biozentrum of the University of Basel and a Senior Investigator at the Friedrich Miescher Institute (FMI) for Biomedical Research in Basel, Switzerland. Her laboratory investigates neuronal circuits controlling motor behavior. Current work aims to uncover the synaptic organization of motor circuits and to probe how identified neuronal subpopulations encode motor function. Circuits in the brainstem are a key focus of her present work, to understand how these generate and regulate the diversification of motor actions. Arber studied biology at the Biozentrum and graduated with a doctorate in the laboratory of Pico Caroni at the FMI in 1995. After a postdoc with Thomas Jessell at Columbia University in New York, she returned to Basel in 2000 to establish her research group at the Biozentrum and FMI. Arber contributes to the organization of important neuroscience conferences. She was program committee chair of the FENS Forum 2014 and is currently main organizer of the Ascona Circuits meetings. She has been recognized with numerous research prizes, including the National Latsis Prize (2003) , the Schellenberg Prize and the Friedrich Miescher Award (2008), the Otto Naegeli Prize (2014), and the Premio Remedios Caro Almela (2015).
What do you think are the big questions to be answered next in neuroscience with a view on your field? There are many big, open questions, but here are a few that I feel are particularly exciting to address. One of the most important questions in neuroscience is how information is encoded by the nervous system. Within my field of study, we need to understand how motor programs are encoded, and as a consequence of this, how motor commands for specific actions are generated and channeled for execution. A second question is to try to understand how different regions of the nervous system communicate with each other toward a common outcome or ''goal.'' Implicit in this question is also the question of how different areas compete with each other to lead to alternative outcomes. These systemslevel questions are applicable much more broadly than to just the field of motor control. But since behavioral readouts can be scored, these are questions that might be tractable in the relatively near future in this field. Two intertwined extensions of this question are relevant for both ongoing movement and learned motor programs. First, how can planned and past events be tracked throughout the nervous system over an extended period of time? And second, how can planned events be adjusted according to new information feeding into the nervous system? These questions also relate to how sensory experience influences motor behavior and how motor behavior impacts on nervous system function in more general terms. Finally, a general important issue arises when thinking about future approaches to try to intervene with diseases of the nervous system. We need to determine whether and how knowledge on cell-type identity and connection specificity within circuits can be used to uncover principles that guide novel therapeutic strategies.
What is important when communicating to the general public? And which aspect of science, your field or in general, would you wish the general public knew more about? The general public is very interested in science. Our communication should try to bring across how fascinating science is, without being naive or fanatic about it. Scientists should make every effort to transmit information in as pure a form as possible, for the general public to understand the cognitive and medical potential of it. Especially in communicating neuroscience to the general public, implications for humanity are important to consider and discuss. Neuroscientists should transmit knowledge about the enormous complexity of the nervous system, how challenging it is to understand its function, and as a consequence how difficult it is to try to ameliorate or cure diseases.
The general public is often scared about gene manipulation technologies, and this is a topic that will be discussed more frequently in the future due to recent major advances in these approaches, most notably CRISPR. It is hard for the general public to understand that, often, naturally occurring mutations can be more ''dangerous'' and unpredictable in outcome than mutations designed by scientists with the knowledge of what a mutation is expected to achieve.
Silvia Arber Biozentrum and FMI, Basel, Switzerland For all of these topics, I find giving talks to the general public, such as school children or senior citizens, a very rewarding experience. Even though one has to break down the complexity in order to be able to communicate well, trying to give such audiences insight into why it is so difficult to find interventions for the devastating diseases of the nervous system is extremely important.
Do you have a favorite anecdote from doing science that you'd like to share (perhaps a key discovery moment)? One such key discovery moment was when I first looked at freshly mounted slides of an experiment we had tried many times before we got it to work, and we had almost given up hope for it to work. The goal was to visualize neurons with direct synaptic connections to spinal motor neurons using an experimental setup modified from the monosynaptic rabies virus approach described in Wickersham's 2007 Neuron paper (http://www.cell.com/ neuron/fulltext/S0896-6273(07)00078-5). A small change in the experimental design had finally led to success, and we saw an enormous number of beautiful fluorescently labeled neurons over many segments of the spinal cord. We spent many hours looking at the sections through the microscope and discussing the potential that such experiments would have for our future research. Indeed, it was after this key successful experiment that I felt the time had come for my laboratory to study questions of synaptic specificity in the central motor system, to extend upon and complement the sensory-motor connectivity questions I had focused on up to then.
Who were your key early influences? I was exposed to science already during my earliest childhood, since my father is an evolutionary microbiologist, Werner Arber. He taught me to keep my eyes open for unexpected discoveries, and to be modest. Science came to me naturally, and I found it to be interactive and inspirational during my childhood. Along my own path to scientific independence, my PhD advisor Pico Caroni was extremely important for me, and we still discuss science frequently today. Moreover, my postdoc advisor Thomas Jessell had a key influence on my scientific development and the transition to independence.
What motivated you to become a scientist?
There are very few professions in which one can venture into uncharted territory and discover things nobody has yet seen or thought about. Being a scientist is one of them. This has been and remains the biggest motivation to me, even today. I consider myself extremely privileged to be able to carry out research in an environment that enables discovery and encourages me to push the limits. Even though technologies and daily work are often repetitive as a scientist, it is the potential for discoveries and thinking about how the nervous system functions that I find extremely motivating. To be a scientist is also a very interactive profession, which I enjoy a lot. There are the interactions with people in my own laboratoryand it is very rewarding to see how people grow and mature as they carry out a project and advance in their own career toward independence-and there are the contacts within the scientific community, which can take many different forms, from intense collaborations to informal discussions.
What do you think are the biggest problems/challenges science as a whole is facing today? As biology, and particularly neuroscience, will have an increasing impact on society, one of the biggest challenges will be to not only focus on what can be achieved from a technical point of view, but to integrate this knowledge with humanistic ethics. The general public pays more attention to science these days than in the past, and asks what can be achieved with scientific knowledge. There is a strong tendency to push for fast applicability of scientific results for human well-being. Already there is a push to carry out translational research projects, or at least basic research for which an application is on the horizon. This is a dangerous tendency, since it is clearly recognized that, often, the biggest discoveries in the past emerged from projects without intentions for translation in unexpected directions. Scientists therefore have to strongly promote the need for creative basic science in the future. Moreover, a good balance between big data science and individual discovery science needs to be found. We will need creative individualist scientists as much in the future as we need them now. How do you view the level of crosstalk between disciplines (for, e.g., physics, mathematics, engineering, humanities, and social sciences)? I think that such crosstalk will need a lot of encouragement in the future. Right now, even interactions and discussions within neuroscience itself can be challenging. People working in different disciplines need to find common language that allows them to understand each other conceptually. I feel that the best way to promote interactions is through small-size meetings, putting together groups of people from different disciplines that are still not too far away from each other, allowing progressive establishment of bridges.
What advice do you find yourself giving to your students and postdocs? You spend most of your life working: choose something you really enjoy doing and are good at. Therefore, you first need to find out whether you really want to be a scientist. Once you are sure about this, the most important advice is to find a research question that fascinates you, that keeps you up at night, and that you cannot stop thinking about even after you leave work. You need to be passionate about your project(s) and the broader research field in which you work. Moreover, you should find a project that is not a ''me too'' project, but ventures into new territory and achieves more than a small and expected step forward. You should find your own best way to achieve progress in science. Being a scientist is a job with a significant degree of freedom in terms of time management. If you want to go skiing, go when nobody is there and work on the weekend instead when the slopes are crowded.
Which aspects are important to keep you in your current position? A stimulating and vibrant scientific community is essential to me. I need colleagues with whom I can brainstorm about novel ideas in unconventional directions, with whom I can discuss my results, and who can push me in directions I might not have thought about or dared to venture into. It is important for me to have such colleagues around locally on an everyday basis. At the FMI, and in recent years also at the Biozentrum, the grouping of PIs with a focus in circuit neuroscience is excellent. In addition, scientific support to carry out expensive research on basic science questions is certainly an aspect that is important. In addition to support from the host institutions, a recently installed funding tool in Europe has changed the landscape significantly. Grants from the European Research Council (ERC) support breakthrough science for five-year projects, and such grants exist at three levels of seniority for individual PIs.
If you could ask an omniscient higher being one scientific question, what would it be and why? This question implies the existence of something higher than but very similar to us humans. In that case, my question would be: what is it that makes our brains human? Maybe this is a wasted question, because likely there will not be a simple answer to it. But I find it fascinating to think about where in the brain behavioral differences between humans and the evolutionarily closest living species are encoded. These behavioral differences are enormous, despite the fact that many of the principles of how the nervous system is assembled and functions are evolutionarily conserved. Does the difference have to do with one key acquisition in the course of evolution, or were parallel adjustments necessary? And how were these adjustments implemented? And since evolution is an ongoing process, it is also interesting to think about what could happen to the human brain in the future. And at any given time, obviously not all human beings have the same abilities-what accounts for these differences?
What do you do when you're not in the lab? I enjoy being outdoors. I find going for a run very energizing, and this is one of my regular activities. If I have more time, I like to hike or ski in the mountains. I also find it much easier to reflect about my work and projects when I am not in the lab.
http://dx.doi.org/10.1016/j.neuron.2016.06.025
